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SPECIFICATION 



Title of the Invention : 

RECEPTION APPARATUS AND METHOD 



Inventors : 

Katsuaki ABE 
Masayuki ORIHASHI 
Job Cleopa MSUYA 
Morikazu SAGAWA 
Masayoshi YONEYAMA 



RECEPTION APPARATUS AND METHOD 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a reception 
5 apparatus and method used in a digital radio 
communication system. 
Description of the Related Art 

in a recent radio communication field, improvement 
of spectral efficiency is required, and a digital 
10 communication system has been used widely as the main 
current because, for example, signal processing such as 
error correction and data compression can be simplified 
and the LSI therefor is easily available. A 
configuration of a transmission/reception apparatus 
15 adapted to the digital communication system is disclosed 
in, for example, Japanese Patent Gazette S55-79541. 

With reference to FIG.l, the following explains 
about a basic configuration and operation of a reception 
section in a convention digital transmission/reception 
20 apparatus. In FIG.l, a received digital-modulated 
signal is subjected to quadrature frequency conversion 
in quadrature detection circuit 1 to be an in-phase 
baseband signal (I signal) and quadrature baseband 
signal {Q signal). An exemplary configuration of 
25 quadrature detection circuit 1 includes mixers 11 and 
12, 90-degree phase shifter 13, oscillator 14 and filters 
15 and 16. 



A/D conversion circuit 2 performs quantization on 
the I signal based on a sampling clock output from clock 
generating circuit 6, and outputs a quantized digital 
I signal. Similarly A/D conversion circuit 3 performs 
5 quantization on the Q signal based on the sampling clock, 
and outputs a quantized digital Q signal. It is assumed 
in this example that the sampling clock is provided at 
a frequency integer times the symbol rate. 

Timing estimating circuit 4 estimates a timing of 

10 a signal point of the digital-modulated signal using the 
digital I and Q signals each quantized at the sampling 
rate integer times the symbol rate. Digital 
demodulation circuit 5 performs demodulation using 
sampled data of the I signal and Q signal each closest 

15 to the signal point among data of the quantized I and 
Q signals, and outputs a demodulated data sequence. 

According to the above configuration, timing 
synchronization and digital demodulation is performed 
using digital values quantized in A/D conversion 

20 circuits 2 and 3, and thereby a demodulated result is 
obtained. Adopting the above configuration makes it 
possible to perform digital processing in all the 
sections after A/D conversion circuits 2 and 3, and 
therefore provides a merit that the LSI therefor is easily 

25 available. 

As the ratio (hereinafter referred to as 
oversampling number) of the frequency of sampling clock 



provided to A/D conversion circuits 2 and 3 to the symbol 
rate is increased, the provability that sampling is 
performed at a point close to an ideal signal point 
becomes higher. Accordingly an increased oversampl ing 
number enables timing estimating circuit 4 to perform 
timing estimation with high accuracy, and thereby 
improves reception sensitivity performance in digital 
demodulation circuit 5. 

However the increased oversampling number requires 
high operation performance in A/D conversion circuits 
2 and 3, thereby increasing current consumption and also 
increasing the cost. Therefore the oversampling number 
is usually determined in consideration of a balance of 
required specification, cost and others in each 
communication system. 

Further in the case where the conventional digital 
transmission/reception apparatus illustrated in FIG.l 
is applied as a terminal in a communication system 
requiring transmission/reception timing with extremely 
high accuracy, it is necessary for a terminal side to 
acquire timing synchronization with high accuracy on a 
downlink digital-modulated signal transmitted from a 
base station side in the system, and to determine a timing 
of uplink transmission based on the obtained timing 
information. In order to perform the timing 

synchronization with high accuracy, it is generally 
necessary to set the oversampling number in the A/D 



conversion circuit to be large. For example, in the case 
of a communication system requiring timing accuracy of 
±1/32 times the symbol duration, the oversampling number 
equal to or more than 32 times the symbol rate is required 
5 in the A/D conversion circuit. This condition 
introduces excessive performance for an ordinary digital 
demodulator to obtain sufficient reception sensitivity 
performance, and provides demerits such as increased 
current consumption and increased cost in a 

10 configuration of the terminal. 

Meanwhile a recently increased transmission rate 
in communications makes it impossible to greatly 
increase the ratio of the sampling rate in the A/D 
conversion circuit to the symbol rate. In this case, 

15 demodulation in reception is performed using a signal 
sampled at a timing shifted from an ideal reception timing. 
For example, in the case where demodulation in reception 
is performed while sampling a digital-modulated signal 
transmitted with a Nyquist filter at an oversampling rate 

20 twice the symbol rate, the demodulation in reception is 
performed using a signal sampled at a timing shifted 
maximum ±1/4T with respect to the ideal reception timing , 
i.e., timing of a Nyquist point. 

Thus in order to increase the timing estimation 

25 accuracy, such a method is considered that increases the 
sampling rate in the A/D conversion circuit. This method 
however causes power consumption and circuit scale in 



5 



the terminal both to be increased. 

SUMMARY OF THE INVENTION 
It is a first object of the present invention to 
decrease a sampling rate in an A/D conversion circuit 
5 or D/A conversion circuit in a digital 
transmission/reception apparatus to be lower than a 
level required for an accuracy specification in a system, 
and thereby decrease current consumption and cost in a 
terminal . 

10 This object is achieved by a digital reception 

apparatus having a quadrature frequency conversion 
section that performs quadrature frequency conversion 
on an input digital-modulated signal and outputs a 
baseband in-phase signal (I signal) and quadrature 

15 signal ( Q signal), first and second analog-digital (A/D 
conversion) sections that each quantizes an input signal 
at each sampling timing and outputs a quantized digital 
signal, a timing estimating section that estimates a 
symbol timing of the digital-modulated signal and 

20 outputs a timing estimated result, a digital 
demodulation section that demodulates the digital- 
modulated signal using the digital I and Q signals and 
outputs a demodulation result, a clock generating 
section that generates a clock signal integer times the 

25 symbol rate of the digital-modulated signal while 
switching a phase of the clock signal with a phase 
difference of 180 degrees corresponding to a phase 
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control signal to output as a sampling clock signal, a 
clock phase control section that generates the phase 
control signal for use in switching the phase of the clock 
signal periodically and alternately with the phase 
5 difference of 180 degrees, and a high-accuracy timing 
estimating section that performs timing estimation with 
time resolution twice the original sampling rate using 
the timing estimated result in the timing estimating 
section, and outputs a timing estimated result with high 

10 accuracy. 

According to this configuration, it is possible to 
decrease a sampling frequency in the A/D conversion 
section or D/A conversion section in the digital 
transmission/reception apparatus to be lower than a 

15 frequency corresponding to a resolution of timing 
accuracy required in the system, and thereby decrease 
current consumption and cost in the terminal. 

Further it is a second object of the present 
invention to enable reception timing to be estimated with 

20 higher accuracy without increasing a sampling rate in 
the A/D conversion section in a digital radio apparatus, 
and thereby increase reception performance and decrease 
current consumption and cost in the terminal. 

This object is achieved by a digital reception 

25 apparatus having a received signal buffer for use in 
buffering digital I and Q signals, a known vector table 
which has beforehand stored complex conjugate vector 



sequences of vector sequences to be obtained in the case 
where sampling is performed at an interval of a known 
symbol sequence at ideal reception timings and which is 
read out when necessary, a vector operation section that 
5 performs vector operation corresponding to a correlation 
degree between input two vector sequences at each 
sampling timing to output the operation result, an 
operation result buffer for use in buffering the vector 
operation result, a low-accuracy timing estimating 

10 section that estimates the reception timing with 
accuracy equivalent to the oversampling rate to output 
as a timing estimated result with low accuracy, and a 
high-accuracy timing estimating section that estimates 
the reception timing with accuracy higher than the 

15 oversampling rate, using the vector operation result at 
a timing around the timing estimated in the low-accuracy 
timing estimating section. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects and features of the 

20 invention will appear more fully hereinafter from a 
consideration of the following description taken in 
connection with the accompanying drawing wherein one 
example is illustrated by way of example, in which; 

FIG.l is a block diagram illustrating a 

25 configuration of an example of a conventional receiver; 

FIG. 2 is a block diagram illustrating a 
configuration of a communication terminal apparatus 
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provided with a reception apparatus according to a first 
embodiment of the present invention; 

FIG. 3 is a timing chart illustrating examples of 
sampling timings in the reception apparatus according 
5 to the first embodiment of the present invention; 

FIG. 4 is a block diagram illustrating a 
configuration of a communication terminal apparatus 
provided with a reception apparatus according to a second 
embodiment of the present invention; 
10 FIG. 5 is a block diagram illustrating a 

configuration of a communication terminal apparatus 
provided with a reception apparatus according to a third 
embodiment of the present invention; 

FIG. 6 is a timing chart illustrating examples of 
15 sampling timings and interpolated digital values in the 
reception apparatus according to the third embodiment 
of the present invention; 

FIG. 7 is a block diagram illustrating a 
configuration of a communication terminal apparatus 
20 provided with a reception apparatus according to a fourth 
embodiment of the present invention; 

FIG. 8 is a block diagram illustrating a 
configuration of a communication terminal apparatus 
provided with a transmission/reception apparatus 
25 according to a fifth embodiment of the present invention; 

FIG. 9 is a block diagram illustrating a 
configuration of a communication terminal apparatus 



provided with a reception apparatus according to a sixth 
embodiment of the present invention; 

FIG. 1 OA is a diagram illustrating examples of 
calculated results in the reception apparatus according 
to the sixth embodiment of the present invention; 

FIG . 1 OB is a diagram illustrating examples of 
calculated results in the reception apparatus according 
to the sixth embodiment of the present invention; 

FIG. 11 is a block diagram illustrating another 
example of a configuration of a communication terminal 
apparatus provided with a reception apparatus according 
to the sixth embodiment of the present invention; 

FIG. 12 is a block diagram illustrating a 
configuration of a communication terminal apparatus 
provided with a reception apparatus according to a 
seventh embodiment of the present invention; 

FIG.13A is a diagram illustrating transmission 
band-pass filter characteristics according to the 
seventh embodiment of the present invention; 

FIG.13B is a diagram illustrating ISI canceling 
filter tap coefficients in the reception apparatus 
according to the sixth embodiment of the present 
invention ; 

FIG. 14 is a block diagram illustrating a 
configuration of a communication terminal apparatus 
provided with a reception apparatus according to an 
eighth embodiment of the present invention; and 
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FIG. 15 is a block diagram illustrating a 
configuration of a communication terminal apparatus 
provided with a reception apparatus according to a ninth 
embodiment of the present invention. 
5 DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENTS 
Embodiments of the present invention will be 
described below with reference to accompanying drawings. 
Each of first to fifth embodiments explains about 
10 a case that a sampling rate in an A/D conversion circuit 
is decreased to be lower than a level required for an 
accuracy specification in a system while maintaining 
reception accuracy, thereby decreasing current 
consumption and cost in a terminal. 
15 (First embodiment) 

This embodiment explains about a case that sampling 
is first performed at a predetermined sampling rate, and 
then the sampling is performed at the same sampling rate 
while shifting a phase, thereby performing timing 
20 estimation. It is thereby possible to obtain timing 
estimation accuracy the same as that obtained in 
performing the sampling at a sampling rate integer times 
the predetermined sampling rate, and further to decrease 
the current consumption and cost. 
25 FIG. 2 is a block diagram illustrating a 

configuration of a communication terminal apparatus 
provided with a reception apparatus according to the 
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first embodiment of the present invention. In FIG. 2, a 
reception series is only illustrated, and a transmission 
series is omitted. 

In the communication terminal apparatus 
5 illustrated in FIG.2 7 a downlink signal (received 
signal) transmitted from a base station apparatus is 
received in quadrature detection circuit 102 via antenna 
101. Quadrature detection circuit 102 performs 
quadrature frequency conversion on the received signal 

10 (digital-modulated signal) to obtain a baseband in-phase 
signal (I signal) and quadrature signal (Q signal), and 
outputs the I signal and Q signal respectively to A/D 
conversion circuits 103 and 104. Quadrature detection 
circuit 102 is configured, for example, as quadrature 

15 detection circuit 1 illustrated in FIG.l. This 
embodiment is not limited to any particular modulation 
method for the digital-modulated signal. Further it is 
assumed that the received signal is given predetermined 
radio reception processing such as frequency conversion, 

20 amplification and canceling of signals of unnecessary 
frequency band (filtering), and is already set to have 
an appropriate input level and frequency band, before 
being input to quadrature detection circuit 102. 

A/D conversion circuit 103 quantizes the I signal 

25 based on a sampling clock to obtain a digital I signal, 
and outputs a quantized digital I signal to digital 
demodulation circuit 106 and timing estimating circuit 
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105. A/D conversion circuit 104 has the same 
configuration as A/D conversion circuit 103,- quantizes 
the Q signal, and outputs a quantized digital Q signal 
to digital demodulation circuit 106 and timing 
5 estimating circuit 105. This embodiment is not limited 
to any particular conversion method and bit resolution 
in each of A/D conversion circuits 103 and 104 as long 
as those are determined according to system 
specifications. 

10 Timing estimating circuit 105 estimates a symbol 

timing of the digital-modulated signal using the digital 
I signal and digital Q signal, and outputs a timing 
estimated result to digital demodulation circuit 106 and 
high-accuracy timing estimating circuit 109. At this 

15 point, timing estimating circuit 105 outputs a position 
of a sampled point closest to an ideal signal point among 
a plurality of sampled points in a symbol. 

Digital demodulation circuit 106 performs digital 
demodulation using the digital I and Q signals based on 

20 the timing estimated result, and outputs a demodulated 
result (received data). This embodiment is not limited 
to any particular demodulation method. 

Clock generating circuit 107 generates a clock 
signal integer times a symbol rate of the digital- 

25 modulated signal, while switching a phase of the clock 
signal by 180 degrees corresponding to a phase control 
signal. For example, clock generating circuit 107 is 
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comprised of oscillation circuit 1071 that generates the 
clock signal as a reference, polarity inverting circuit 
1072 that inverts a polarity of the reference clock signal 
output from oscillation circuit 1071 and outputs an 
inverted clock signal with a 180 degrees phase shift, 
and switch 1073 that selects either of the reference clock 
signal and inverted clock signal corresponding to the 
phase control signal to output. In addition it is 
assumed in this embodiment that a frequency of the clock 
signal is set to be 8 times the symbol rate as an example. 

Clock phase control circuit 108 generates the phase 
control signal for use in periodically and alternately 
switching the phase of the clock signal generated in clock 
generating circuit 107. For example, clock phase 
control circuit 108 is comprised of timer 1081 that 
outputs a trigger signal periodically, and switching 
signal generating circuit 1082 that generates the phase 
control signal for use in switching switch 1073 
corresponding to the trigger signal output from timer 
1081 to output to switch 1073. 

It is assumed herein that a time interval for 
switching the phase is sufficiently long with respect 
to a symbol duration, and determined as appropriate 
depending on systems. For example, when the digital- 
modulated signal is transmitted per burst basis in a time 
division multiple access communication system, the time 
interval is set to be an interval of a burst or a few 



bursts. More specifically when desired reception 
accuracy should be maintained under an environment with 
many noises, it is necessary to adopt a large number of 
samples to reserve an data amount required for the timing 
estimation, and therefore the time interval for 
switching the phase is set to be relatively long. On the 
other hand when the desired reception accuracy is 
maintained under an environment with a few noises, it 
may be possible to set the time interval for switching 
the phase to be the interval of a burst or an interval 
less than a burst. 

High-accuracy timing estimating circuit 109 
performs timing estimation with time resolution twice 
the sampling rate by using timing estimated results 
obtained in timing estimating circuit 105 at respective 
intervals during which the clock signal has the phase 
of 0 degree and has the phase of 180 degrees, and outputs 
a timing estimated result with high accuracy. This 
embodiment adopts a constitution where high-accuracy 
timing estimating circuit 109 selects an estimated 
result with higher reliability among two timing 
estimated results obtained in the phases of 0 degree and 
180 degrees. 

The following explains about the reception 
operation of the communication terminal apparatus 
provided with the reception apparatus configured as 
described above. In addition, in the reception 
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operation, with respect to processing for performing 
quadrature demodulation on an input digital-modulated 
signal, performing quantization in A/D conversion 
circuits 103 and 104 to obtain digital signals, and then 
performing symbol timing estimation and digital 
demodulation, such processing is the same as in the 
receiver illustrated in FIG.l, and detailed explanations 
thereof are omitted. 

Clock phase control circuit 108 periodically 
outputs the control signal for switching the phase. in 
clock generating circuit 107, switch 1073 is switched 
corresponding to the control signal, and thereby the 
phase of the clock signal is inverted. Clock generating 
circuit 107 outputs the signal whose phase is thus 
inverted periodically to A/D conversion circuits 103 and 
104 as a sampling clock. 

Timing estimating circuit 105 performs symbol 
timing estimation in respective cases that the clock has 
the phase of 0 degree and that the clock has the phase 
of 180 degrees. The estimation accuracy generates an 
error in the range of ± (sampling period/2), 
corresponding to the relationship between the symbol 
timing and clock signal phase. The error becomes ±T/16 
in this embodiment. The respective symbol timing 
estimated results in the cases that the clock has the 
phase of 0 degree and has the phase of 180 degrees are 
output to high-accuracy timing estimating circuit 109. 
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Further timing estimating circuit 105 outputs 
reliability information for use in estimating the timing 
in high-accuracy timing estimating circuit 109 to 
high-accuracy timing estimating circuit 109. 
5 High-accuracy timing estimating circuit 109 

performs timing estimation using both the timing 
estimated result obtained when the clock has the phase 
of 0 degree and the timing estimated result obtained when 
the clock has the phase of 180 degrees. In other words, 

10 high-accuracy timing estimating circuit 109 selects the 
timing estimated result with higher reliability among 
two timing estimated results obtained by shifting the 
phase of the clock using the predetermined sampling rate. 
At this point, high-accuracy timing estimating circuit 

15 109 performs the timing estimation using the reliability 
information provided from timing estimating circuit 105. 
It is thereby expected to obtain estimation accuracy 
almost equal to that obtained in performing the timing 
estimation with the accuracy twice the sampling rate (in 

20 this case, ±T/32). 

In FIG. 3, among the timing estimated result (a) when 
the clock has the phase of 0 degree and timing estimated 
result (b) when the clock has the phase of 180 degrees, 
the timing estimated result (b) is closer to a timing 

25 of the ideal signal point than the timing estimated result 
(a) when amplitude is used as the reliability information. 
In other words the timing estimated result (b) is the 
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timing estimated result with higher reliability. 
Accordingly the timing estimated result (b) is output 
as the timing estimated result with high accuracy. 

According to this embodiment of the present 
5 invention as described above, it is possible to estimate 
the symbol timing with time resolution twice the period 
of the sampling clock provided to A/D conversion circuits 
103 and 104. Accordingly, for example, even in a system 
requiring timing accuracy of + T/32, the timing accuracy 
10 can be achieved by setting the sampling clock in A/D 
conversion circuits 103 and 104 to be 8 times oversampling 
As a result, it is possible to decrease current 
consumption and cost in a communication terminal 
apparatus . 

15 In addition this embodiment explains about the case 

that clock generating circuit 107 is comprised of 
oscillation circuit 1071, polarity inverting circuit 
1072 and switch 1073 , however is not limited to the above 
case. It may be possible to use any configuration 

20 enabling the phase of the clock signal to be inverted 
corresponding to the phase control signal. Further it 
may be possible to adopt a phase control method with PLL 
(Phase-Locked Loop) control in clock generating circuit 
1071 . 

25 Further this embodiment explains about the case 

that the phase of the clock is switched between a 0 degree 
phase shift and 180 degrees phase shift with respect to 



18 

a referential timing, however is not limited to the above 
case. For example it may be possible to adopt a 
constitution for shifting the phase, for example, -90 
degrees or +90 degrees with respect to the reference 
5 timing to switch. Furthermore it may be possible to 
adopt a constitution for shifting the phase between a 
plurality of stages (between 0 to 360 degrees) by 
predetermined angles (for example, 4 stages by 90 degrees 
or 6 stages by 60 degrees) with respect to the reference 
10 timing. 

Moreover it may be possible to adopt as the 
reference timing the timing estimated in timing 
estimating circuit 105, or the timing estimated in 
high-accuracy timing estimating circuit 109. 

15 Further this embodiment explains about the case 

that high-accuracy timing estimating circuit 109 selects 
the estimated result with higher reliability among two 
estimated results, however is not limited to the above 
case. It may be possible to adopt a constitution for 

20 obtaining a timewise intermediate point of the two timing 
estimated results (between the long dashed line arrow 
and short dashed line arrow in FIG.3). 

Furthermore this embodiment explains about the case 
that the timing estimated result with high accuracy is 

25 obtained using an amplitude value as the reliability 
information from among two timing estimated results 
obtained by sampling with the clock phase shifted, 
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however is not limited to the above case- It may be 
possible to use as the reliability information a 
correlation value obtained by performing correlation 
calculation on a known signal contained in a downlink 
signal, for example, unique word, and select the timing 
estimated result with higher correlation value as the 
timing estimated result with high accuracy. 
(Second embodiment) 

This embodiment explains about a case that 
interoperation is performed on an interval between two 
timing estimated results (between the short dashed line 
arrow and long dashed line arrow in FIG. 3) in obtaining 
the timing estimated result with high accuracy from the 
two timing estimated results obtained by sampling with 
the clock phase shifted. 

FIG. 4 is a block diagram illustrating a 
configuration of a communication terminal apparatus 
provided with a reception apparatus according to the 
second embodiment of the present invention. In addition 
in FIG. 4, sections the same as those in FIG. 2 are given 
the same marks as in FIG. 2 to omit detailed explanations 
thereof. In FIG. 4, a reception series is only 
illustrated, and a transmission series is omitted. 

In FIG. 4, high-accuracy timing estimating circuit 
109 is provided with timing estimated result 
interpolation circuit 201, and timing estimated result 
interpolation circuit 201 operates as a high-accuracy 
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timing estimating circuit. Timing estimated result 
interpolation circuit 201 performs timing estimation by 
interpolation using two timing estimated results 
estimated in timing estimating circuit 105 and 
5 reliability information thereof. 

The following explains about the reception 
operation in the communication terminal apparatus 
provided with the reception apparatus configured as 
described above. 

10 A timing estimated result obtained in timing 

estimating circuit 105 in the case where the clock has 
the phase of some degrees (assumed to be 0 degree in this 
case) is assumed to be tl and the reliability information 
thereof is assumed to be cl. Further another timing 

15 estimated result obtained in timing estimating circuit 
105 in the case where the time the clock has the phase 
of another some degrees (assumed to be 180 degrees in 
this case) is assumed to be t2 and the reliability 
information thereof is assumed to be c2 . 

20 At this point, as illustrated in FIG. 3 , the timing 

estimated results tl and t2 are assumed to be each 
indicative of a time from a sampled point closest to a 
timing at which a symbol is switched. Timing estimating 
circuit 105 outputs the obtained timing estimated 

25 results tl and t2 and reliability information cl and c2 
to timing estimated result interpolation circuit 201. 
A digital-modulated signal is assumed to be a BPSK 
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modulated signal. Further it is assumed that timing 
estimation in timing estimated circuit 105 is performed 
by obtaining a point with an amplitude value being maximum 
among sampled points in a symbol, and that the reliability 
5 information cl and c2 are each indicative of the amplitude 
value. Timing estimated result to by the interpolation 
in timing estimated result interpolation circuit 201 is 
obtained using the following equation (1). 

tO=(clXtl + c2Xt2)/(cl+c2) eq.(l) 

10 By performing the high-accuracy timing estimation 

using the equation (1)/ the estimated result is obtained 
which is an intermediate point between the two timing 
estimated results tl and t2 when two reliability 
information cl and c2 are almost equal, and the estimated 

15 result is obtained which is closer to the timing estimated 
result with higher reliability when there is a difference 
between the reliability information. 

According to this embodiment of the present 
invention as described above, the timing estimation is 

20 performed by the interpolation using the two timing 
estimated results obtained at clocks with different 
phases, and thereby it is possible to perform the timing 
estimation with time resolution finer than the sampling 
clock period and with high accuracy. 

25 In addition this embodiment explains about the case 

that the BPSK modulated signal is used as the 
digital-modulated signal, and that timing estimating 
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circuit 105 obtains the sampled point with the maximum 
amplitude, however is not limited to the above case. It 
may be possible to adopt a timing estimating circuit 
corresponding to a digital modulation method. 
5 Further this embodiment explains about the case 

that the amplitude value is used as the reliability 
information, however is not limited to the above case. 
For example it may be possible to use as the reliability 
information an error amount between a phase value at a 

10 sampled point selected as a symbol timing and an ideal 
phase value, or a correlation value obtained by 
performing correlation calculation on a known signal 
contained in a downlink signal, for example, unique word. 
(Third embodiment) 

15 This embodiment explains about a case that timing 

estimation is performed by interpolating values sampled 
at a predetermined sampling rate. FIG. 5 is a block 
diagram illustrating a configuration of a communication 
terminal apparatus provided with a reception apparatus 

20 according to the third embodiment of the present 
invention. In FIG. 5, sections the same as those in FIG. 2 
are given the same marks as in FIG. 2 to omit detailed 
explanations thereof. In addition in FIG. 5, a reception 
series is only illustrated, and a transmission series 

25 is omitted. 

The communication terminal apparatus illustrated 
in FIG. 5 is provided with digital value interpolation 
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circuits 301 and 302, timing estimating circuit 303 
instead of timing estimating circuit 105 and high- 
accuracy timing estimating circuit 109, digital 
demodulation circuit 304 instead of digital demodulation 
5 circuit 106, and no clock phase control circuit 108. The 
other configuration and operations are the same as those 
illustrated in FIG. 2 

Digital value interpolation circuits 301 generates 
an interpolated digital value by the interpolation using 

10 two successive sampled values output from A/D conversion 
circuit 103, inserts the interpolated sampled value 
between the two sampled values, and outputs the resultant 
as an interpolated digital I signal to timing estimating 
circuit 303 and digital demodulation circuit 304. 

15 Digital value interpolation circuit 302 receives sampled 
values output from A/D conversion circuit 104, performs 
the same operation as in digital value interpolation 
circuit 302 , and outputs an interpolated digital Q signal 
to timing estimating circuit 303 and digital 

20 demodulation circuit 304. 

Timing estimating circuit 303 performs the timing 
estimation using the interpolated digital I and Q signals 
each having the sampling number twice that in timing 
estimating circuit 105 illustrated in FIG. 2, and outputs 

25 the timing estimated result to digital demodulation 
circuit 304 while outputting the timing estimated result 
as a timing estimated result with high accuracy. Digital 
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demodulation circuit 304 performs digital demodulation 
using the interpolated digital I and Q signals based on 
the timing estimated result with high accuracy output 
from timing estimating circuit 303, and outputs a 
5 demodulated result (received data). 

The following explains about the reception 
operation of the communication terminal apparatus with 
the configuration as described above. 

Digital interpolation circuits 301 and 302 use 
10 respective sampled values (block dots in FIG. 6) of the 
digital I and Q signals output from A/D conversion 
circuits 103 and 104, respectively, obtain respective 
interpolated values (white dots in FIG. 6) of 
corresponding successive two samples, insert the 
15 respective interpolated values between the two sampled 
values, and respectively output the interpolated digital 
I and Q signals each with the sampling number twice the 
original one. 

At this point, when I and Q values of successive 
2 0 two samples at a time ( t = k ) are assumed to be { I < k ) , Q ( k ) } 
and {1 ( k+1 ) ,Q( k+1 ) } , interpolated digital I and Q values 
{I',Q'} are obtained using the equations (2) to (5). 

I' (2k) = I(k) eq. (2) 

Q' (2k) =Q(k) eq.(3) 
25 I' ( 2k+l ) ={I ( k)+I ( k+1 ) >/2 eq.(4) 

Q ' (2k+l)={Q(k)+Q(k+l)}/2 eq.(5) 
Since this interpolation processing is linear 



interpolation , it is not possible to obtain real I and 
Q values, but it is possible to estimate the I and Q 
signals each of an extent including a negligible error. 

Timing estimating circuit 303 and digital 
demodulation circuit 304 respectively performs timing 
estimation and digital demodulation both using sample 
data that is increased to be twice the original by the 
interpolation processing. 

According to this embodiment of the present 
invention as described above, it is possible to perform 
the timing estimation and digital demodulation with 
accuracy almost equal to that in the case where the 
sampling clock frequency is increased to be twice, 
possible to decrease the sampling frequency in the A/D 
conversion circuit as compared to the conventional case, 
and possible to reduce current consumption and cost of 
the receiver. 

In addition this embodiment explains about the case 
that the linear interpolation (quadratic interpolation) 
using successive two sampled values is employed as the 
interpolation processing, however is not limited to the 
above case. It may be possible to use high-order 
interpolation processing using a plurality of sampled 
values to further increase the accuracy of the 
interpolation processing. 

Further this embodiment explains about the case 
that the sampling clocks output to A/D conversion 
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circuits 103 and 104 have the same phase, however is not 
limited to the above case. For example it may be possible 
to set the phases of the clocks provided to the circuits 
to be shifted 180 degrees with respect to each other. 
5 It is thereby possible to perform sampling at a timing 
closer to an ideal signal point even when either of I 
and Q signals is used, enabling timing estimation and 
digital demodulation to be performed with higher 
accuracy . 

10 {Fourth embodiment) 

This embodiment explains about a case of 
controlling an operation period in performing timing 
estimation while shifting the phase. 

FIG. 7 is a block diagram illustrating a 

15 configuration of a communication terminal apparatus 
provided with a reception apparatus according to the 
fourth embodiment of the present invention. In FIG. 7, 
sections the same as those in FIG. 2 are given the same 
marks as in FIG. 2 to omit detailed explanations thereof. 

20 In addition in FIG. 1 , a reception series is only 
illustrated, and a transmission series is omitted. 

In the configuration illustrated in FIG. 7, control 
circuit 401 outputs two kinds of mode signals of an 
operation mode and non-operation mode to timing 

25 estimating circuit 402, high-accuracy timing estimating 
circuit 403 and clock phase control circuit 404. It is 
assumed in this embodiment that the two kinds of mode 
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signals are switched alternately and periodically at 
predetermined intervals that are sufficiently longer 
than a burst length, for example, every a few tens of 
bursts . 

5 The following explains about the reception 

operation of the communication terminal apparatus with 
the configuration as described above. The operation 
performed during the time the operation mode signal is 
output from control circuit 401 is the same as that in 

10 the communication terminal apparatus illustrated in 
FIG. 2. Accordingly herein explained is the operation 
performed during the time the non-operation mode signal 
is output from control circuit 401. 

In timing estimating circuit 402 and high-accuracy 

15 timing estimating circuit 403, when the non-operation 
mode signal is provided, the operation for timing 
estimation is not performed, and therefore an estimated 
result is not output. In clock phase control circuit 404, 
when the non-operation mode signal is provided, the 

20 circuit 404 outputs to clock generating circuit 405 a 
phase control signal used to fix a phase of the clock 
to the phase with which the timing estimated result with 
high accuracy was selected in high-accuracy timing 
estimating circuit 403 in a previous operation mode. 

25 Thus the operation mode in which the timing 

estimation is performed while shifting the phase and the 
non-operation mode in which such an operation is not 
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performed are switched as appropriate. In other words, 
the control is performed so that the operation mode is 
applied only when the timing estimated result with high 
accuracy is required, and once the timing estimation with 
high accuracy is completed, the timing is locked to the 
estimated timing as the non-operation mode, whereby it 
is possible to perform the timing estimation with high 
accuracy more efficiently. 

According to this embodiment of the present 
invention as descried above, since in the non-operation 
mode, the phase of the sampling clock is fixed based on 
the timing estimated result with high accuracy obtained 
in the operation mode, it is possible to perform more 
accurate digital demodulation. 

In addition this embodiment explains about the case 
that control circuit 401 performs the switching of the 
operation mode signal and non-operation mode signal 
periodically every a few tens of bursts, however is not 
limited to the above case. It may be possible to set a 
switching interval to be a long term when stability of 
the clock is high in the reception apparatus and the 
system. Further it is not necessary that the interval 
of the operation mode is equal to that of the non- 
operation mode, and it may be possible to set the interval 
of the non-operation mode to be extremely longer than 
that of the operation mode. Furthermore it may be 
possible that the operation mode is set only at the time 



power is supplied to a reception circuit or at the initial 
time to acquire synchronization with the system, and that 
once the synchronization is acquired, the mode is fixed 
to the non-operation mode. Moreover it may be possible 
to adopt a constitution that supervises the reliability 
information in timing estimating circuit 402 to change 
the mode to the operation mode only when the reliability 
deteriorates . 

(Fifth embodiment) 

This embodiment explains about a case that 
transmission operation (transmission processing) is 
performed using the timing with high accuracy obtained 
as described in the above embodiments. 

FIG. 8 is a block diagram illustrating a 
configuration of a communication terminal apparatus 
provided with a transmission/reception apparatus 
according to the fifth embodiment of the present 
invention. In FIG. 8, digital modulation circuit 501 
performs digital modulation on transmission data, and 
generates a transmission digital I signal and 
transmission digital Q signal. This embodiment is not 
limited to any particular modulation method. 

D/A conversion circuit 502 converts the 
transmission digital I signal into an analog signal for 
each sampling clock to output. D/A conversion circuit 
503 converts the transmission digital Q signal into an 
analog signal for each sampling clock to output. 
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Quadrature modulation circuit 504 performs quadrature 
modulation using the analog I signal and Q signal, and 
outputs a digital-modulated signal. 

Clock phase control circuit 505 and clock 
5 generating circuit 506 respectively perform the same 
operations as clock phase control circuit 108 and clock 
generating circuit 107 in FIG. 2 when the circuits receive 
the digital-modulated signal. Further when the 

digital-modulated signal is transmitted, clock phase 

10 control circuit 505 outputs to clock generating circuit 
506 a phase control signal used to obtain the timing 
estimated result with high accuracy estimated in 
high-accuracy timing estimating circuit 109, and based 
on the phase control signal, clock generating circuit 

15 506 outputs the clock signal to D/A conversion circuits 
502 and 503 as a sampling clock. The other configuration 
and operations in the communication terminal apparatus 
illustrated in FIG. 8 are the same as those in the 
communication terminal apparatus illustrated in FIG. 2. 

20 The following explains about transmission and 

reception operations of the communication terminal 
apparatus with the configuration as described above. In 
addition the operations for performing reception, 
demodulation and high-accuracy timing estimation in the 

25 communication terminal apparatus illustrated in FIG. 8 
are the same as those in the communication terminal 
apparatus illustrated in FIG. 2. Accordingly the 
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following explains about the transmission operation. 

Digital modulation circuit 501 performs digital 
modulation on transmission data, and outputs a 
transmission digital I signal and transmission digital 
5 Q signal respectively to D/A conversion circuits 502 and 
503. D/A conversion circuits 502 and 503 convert the 
transmission digital signals into respective analog 
signals. In this conversion, a sampling clock is 
provided from clock generating circuit 506 . In this case, 

10 the phase of the sampling clock is set to be synchronized 
with the timing estimated result with high accuracy 
estimated in receiving the digital-modulated signal in 
high-accuracy timing estimating circuit 109. 

Specifically clock phase control circuit 505 

15 outputs the phase control signal to clock generating 
circuit 506 so as to set the phase of the clock to the 
phase for the estimated result selected in high-accuracy 
timing estimating circuit 109 among the timing estimated 
result at the time the clock has the phase of 0 degree 

20 and the timing estimated result at the time the clock 
has the phase of 180 degrees obtained in timing estimating 
circuit 105. Based on the phase control signal, clock 
generating circuit 506 outputs the clock signal with the 
controlled phase to D/A conversion circuits 502 and 503. 

25 The analog I and Q signals converted respectively in D/A 
conversion circuits 502 and 503 are subjected to 
quadrature modulation in quadrature modulation circuit 



504. The transmission signal is subjected to the 
predetermined transmission processing, and then 
transmitted as an uplink signal to a base station 
apparatus via antenna 101. 

According to this embodiment of the present 
invention as described above, the phase of the sampling 
clock in transmission is determined based on the result 
of high-accuracy timing estimation performed in 
reception to perform transmission processing, whereby 
it is possible to decrease a rate of the sampling clock 
to be provided to the D/A conversion circuits with respect 
to accuracy of transmission timing required in the system, 
thereby enabling decreased current consumption and cost 
in the terminal. 

In addition this embodiment explains about the case 
that the reception series is comprised of the 
configuration illustrated in FIG. 2, however is not 
limited to the above case. It may be possible to apply 
the configuration illustrated in FIG. 4, FIG. 5 or FIG. 7 
to that of the receiver. 

The following sixth to ninth embodiments each 
explains a case enabling a reception timing to be 
estimated with higher accuracy without increasing the 
sampling rate in the A/D conversion circuit, and thereby 
decreasing the current consumption and cost in the 
terminal . 

(Sixth embodiment) 
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This embodiment explains about a case that rough 
timing estimation (with low accuracy) is first performed 
at a predetermined sampling rate, and then timing 
estimation with high accuracy {fine adjustment) is 
5 performed based on a correlation value ratio of known 
signals between different samples sampled at the 
predetermined sampling rate. In this case the 
correlation value ratio of the known signals between the 
samples are obtained in advance. 

10 FIG. 9 is a block diagram illustrating a 

configuration of a communication terminal apparatus 
provided with a reception apparatus according to the 
sixth embodiment of the present invention. In FIG. 9, a 
reception series is only illustrated, and a transmission 

15 series is omitted. 

In the communication terminal apparatus 
illustrated in FIG. 9, a downlink signal (received 
signal) transmitted from a base station apparatus is 
received in quadrature detection circuit 602 via antenna 

20 601. Quadrature detection circuit 602 performs 
quadrature frequency conversion on the received signal 
(digital-modulated signal) to obtain a baseband in-phase 
signal (I signal) and quadrature signal (Q signal), and 
outputs the I signal and Q signal respectively to A/D 

25 conversion circuits 603 and 604. Quadrature detection 
circuit 602 is configured, for example, as quadrature 
detection circuit 1 illustrated in FIG.l. This 
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embodiment is not limited to any particular modulation 
system for the digital-modulated signal. Further it is 
assumed that the received signal is given predetermined 
radio reception processing such as frequency conversion, 
5 amplification and removing of signals of unnecessary 
frequency band (filtering), and is already set to have 
an appropriate input level and frequency band, before 
being input to quadrature detection circuit 602. 

A/D conversion circuit 603 quantizes the I signal 

10 based on a sampling clock to obtain a digital I signal, 
and outputs a quantized digital I signal to received 
signal buffer 605. A/D conversion circuit 604 has the 
same configuration as A/D conversion circuit 603, 
quantizes the Q signal, and outputs a quantized digital 

15 Q signal to received signal buffer 605. This embodiment 
is not limited to any particular conversion method and 
bit resolution in each of A/D conversion circuits 103 
and 104 as long as those are determined according to 
system specifications. 

20 In addition it is assumed in this embodiment that 

the received signal is given the predetermined digital 
modulation and is a downlink signal with a burst 
configuration transmitted from a base station, and that 
a known symbol sequence that is the known signal is 

25 inserted into the burst . However known-symbol inserting 
position and number are not limited in particular in this 
embodiment. It may be possible to insert a sequence of 
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a few tens of symbols into a center portion of the burst, 
or to insert at least one symbol at predetermined 
intervals in the burst. It is further assumed that the 
sampling rate is twice the symbol rate as an example. 
5 The digital I and Q signals are stored for buffering 

in received signal buffer 605. Received signal buffer 
605 is comprised of, for example, a memory enabling 
storage of quantized data corresponding to equal to or 
more than one burst length or FIFO (First In First Out) 
10 buffer. 

Known vector table 606 has stored complex conjugate 
vector sequences of vector sequences to be obtained in 
the case where sampling is performed at an interval of 
a known symbol sequence inserted in the burst at ideal 

15 reception timings. For example, known vector table 606 
is comprised of a memory such as a RAM and ROM. It is 
assumed in this embodiment that known vector table 606 
has stored complex conjugate vector sequences 
corresponding to a case where sampling is performed at 

20 an interval of a known symbol sequence at a sampling rate 
twice the symbol rate, i.e., twice oversampling . 

Vector operation circuit 607 performs vector 
operation using the digital I and Q signals stored in 
received signal buffer 605 and the known vector sequence 

25 stored in known vector table 606, and outputs the 
operation result to operation result buffer 608. For 
example vector operation circuit 607 is comprised of 
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operation processing block configured by logic or DSP. 

The operation result output from vector operation 
circuit 607 is stored as buffering in operation result 
buffer 608. For example operation result buffer 608 is 
5 comprised of a memory such as a RAM or FIFO buffer. 

Timing estimating circuit 609 estimates reception 
timings with accuracy finer than oversampling intervals 
using the vector operation result of the sampled digital 
I and Q signal sequence and known vector sequence. In 

10 this embodiment timing estimating circuit 609 is 
comprised of low-accuracy timing estimating circuit 6091 
and high-accuracy timing estimating circuit 6092. 

Low-accuracy timing estimating circuit 6091 
estimates reception timings with accuracy equal to the 

15 oversampling rate using vector operation result stored 
in operation result buffer 608. In other words low- 
accuracy timing estimating circuit 6091 performs 
first-stage timing estimation that is relatively rough. 
For example low-timing estimating circuit 6091 is 

20 comprised of a peak detecting circuit that detects a 
timing at which the operation result in vector operation 
circuit 607 is maximum. 

High-accuracy timing estimating circuit 6092 
estimates reception timings with accuracy higher than 

25 the oversampling rate using the vector operation result 
stored in operation result buffer 608 and estimated 
result in low-accuracy timing estimating circuit 6091. 
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In other words high-accuracy timing estimating circuit 
6092 performs second-stage timing estimation with high 
accuracy. For example high-accuracy timing estimating 
circuit 6092 is comprised of operation value ratio table 
5 6093 and operation value ratio determining circuit 6094. 

In operation value ratio table 6093, operation 
value ratios, described below, which are beforehand 
calculated for each unit time that is extremely short 
are stored as table values and read out when necessary. 

10 The operation value ratio is herein explained. 

Values are beforehand calculated which are obtained in 
performing the same operation as in vector operation 
circuit 607 on a signal sequence which is obtained in 
sampling the received signal at timings shifted 

15 extremely short time with respect to ideal reception 
timings. The operation value ratio is a ratio of an 
operation value and another operation value obtained at 
the time one sample before the operation value in thus 
performed operation. The operation value ratios are 

20 obtained in advance for unit time that is finer than the 
sampling rate. In this embodiment, the operation value 
ratios are calculated for each timing shift 1/16 times 
the symbol duration over a range of ± 1/4 symbol from 
an ideal reception timing to be stored as table values. 

25 Operation value ratio determining circuit 6094 

performs the timing estimation with high accuracy using 
the low-accuracy timing estimated result, vector 
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operation result stored in operation result buffer 608, 
and values of the operation value ratio table. The 
operation thereof is described later in detail. In 
addition it is assumed in this embodiment that a rough 
position of a burst is also unknown at the time reception 
timing estimation is initiated. 

Digital demodulation circuit 610 performs 
demodulation using sample data of I and Q signals closest 
to a signal point among data of quantized I and Q signals 
based on the estimated timing information, and outputs 
a demodulated data sequence (received data). 

The following explains about the reception 
operation in the communication terminal apparatus with 
the configuration as described. The digital-modulated 
Q and I signals are sampled at the oversampling rate twice 
the symbol rate, and a digital data sequence with a length 
corresponding to equal to or more than one burst is stored 
in received signal buffer 605. 

Vector operation circuit 607 performs the vector 
operation shown in the equation (6) using Rx ( m ) ={ I ( m ) , 
Q(m)} that is the I and Q signal vector sequence stored 
in received signal buffer 605 and Ref * ( i ) ={ Iref ( i ) , 
Qref(i)} that is a conjugate complex vector sequence of 
a known vector stored in known vector table 606 to obtain 
a value of C(m) at each sampling timing m, and stores 
the operation result in operation result buffer 608. 



C(m)= £ |Rx(m + i)xRef*(i^2 eq.(6) 

i=0 

N is indicative of the number of symbols inserted 
into the burst. 

It is known, as illustrated in FIG . 1 OA, that C(m) 
obtained by the equation (6) has a maximum value around 
a position at which the known symbol is inserted in the 
received burst. Accordingly by detecting a timing at 
which C(m) is maximum in low-accuracy timing estimating 
circuit 6091, it is possible to estimate the timing at 
which the known symbol is inserted with accuracy within 
±1/2 symbol duration, and to estimate a timing of the 
burst based on the estimated timing. 

FIG . 1 OA is a graph illustrating the operation 
result in the case where the vector operation of the 
equation (6) is obtained in advance for each unit time 
that is extremely short. FIG . 1 OB is a graph for plotting 
the operation value ratio R( t ) =C ( t ) /C ( t-T/2 ) over 
successive samples, i.e., a period of a one-half symbol 
duration with respect to the operation result 
illustrated in FIG.10A. Values of R{t) calculated in 
advance for each unit time 1/16 times the symbol duration 
are stored in operation value ratio table 6093. 

Operation value ratio determining circuit 6094 
calculates C(m)/C(m-1) that is a ratio of the vector 
operation result C(m) at the timing estimated in 
low-accuracy timing estimating circuit 6091 and the 
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vector operation result C(m-l) at a timing one-half 
symbol duration before the estimated timing, detects a 
position in the operation value ration table closest to 
the above calculated value, and thereby estimates the 
timing with high accuracy. 

For example assuming a case that a timing of twice 
oversampling at the receiver is shifted -2/16 times the 
symbol duration with respect to an ideal reception timing, 
in other words, that the timing is illustrated with 
in FIG . 1 OA, the process of the timing estimation in this 
case is explained. 

First low-accuracy timing estimating 6091 detects 
a peak of C(m), and thereby t=-2/16T is obtained as the 
timing estimated result with low accuracy. Next 
operation value ratio determining circuit 6094 
calculates R ( t ) =C ( -2 / 1 6T ) /C ( -2 / 1 6T- 1 / 2T ) = 3.4, and 
compares this value of R(t) with values of operation value 
ratio table 6 0 93 as illustrated in FIG. 1 OB. In this case, 
this value ofR(t) isclosesttoa table value at t=-2/16T, 
whereby it can be estimated that the current timing of 
oversampling is shifted -2/16 times the symbol duration 
with respect to the ideal reception timing. 

According to this embodiment of the present 
invention as described above, rough timing estimation 
is first performed at the sampling rate in reception, 
and then high-accuracy timing estimation is performed 
based on a ratio of correlation values with respect to 



the known signals, whereby it is possible to estimate 
a reception timing in demodulating a digital-modulated 
signal in the reception with accuracy higher than 
resolution of the oversampling in the reception. In 
particular by using a ratio of vector operation values 
in the timing estimation in the high-accuracy timing 
estimating circuit, it is only required to consider a 
relative ratio of successive received signal levels, not 
absolute values thereof, whereby it is possible to 
prevent adverse effects such as a control error of AGC 
in reception from being provided, enabling timing 
estimation with higher accuracy. 

In addition this embodiment explains about the case 
that the oversampling rate of the I and Q signals is twice 
the symbol rate, and that the estimation accuracy of 
timing estimated in high-accuracy timing estimating 
circuit 6092 is 16 times the symbol rate, however is not 
limited to the above case. It is only required to set 
the time resolution of table values obtained in advance 
in high-accuracy timing estimating circuit 6092 to be 
accuracy higher than the oversampling rate. 

Further this embodiment explains about the case 
that the equation (6) is used as the vector operation 
to obtain the correlation with the known vector sequence, 
however is not limited to the above case. It may be 
possible to use as the vector operation, for example, 
the absolute value of the sum of vector products as shown 
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in the equation (7), or to use a value obtained without 
squaring the vector length to simplify the operation. 
Moreover it may be possible to use any operation capable 
of obtaining a result corresponding to the correlation. 



Furthermore this embodiment explains about the case 
of using, as a criterion for use in estimating a timing 

10 with high accuracy, the ratio R(t) of a vector operation 
result at a timing to that at another timing a one-sample 
duration before the timing, however is not limited to 
the above case. For example, it may be possible to use 
an operation result ratio R ' ( t ) =C ( t ) /C ( t+T/2 ) which is 

15 a ratio of a vector operation result at a timing to that 
another timing the one-sample duration after the timing, 
or to estimate a timing with the most likelihood using 
R(t) and R'(t). Moreover it may be possible to store 
operation values of successive several samples to 

20 estimate a timing that minimizes a squared error. 

In addition it may be possible to use a real value 
or a logarithmic difference value as the operation value 
ratio used in high-accuracy timing estimating circuit 
6092 in this embodiment. 

25 Further when there are known in advance 

frequency /phase characteristics of a filter in a 
transmitter and/or in a receiver, and/or those on a 
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eq.(7) 



propagation path in communications, it may be possible 
to generate data of the known vector table including these 
characteristics to store. Moreover as illustrated in 
FIG. 11, it may be possible that propagation path 
estimating circuit 701 performs propagation path 
estimation from a received signal, and outputs the 
estimated result to operation value ratio recalculating 
circuit 702, and that the circuit 702 recalculates an 
operation value ratio, and outputs the recalculated 
operation value ratio to operation value ratio table 6093, 
thereby updating calculation value ratio table 6093 . It 
is thereby possible to reflect the propagation 
environment in the operation value ratio, and therefore 
to perform high-accuracy timing estimation even when the 
propagation environment varies and provide excellent 
reception performance. 

Furthermore this embodiment explains the case that 
a burst timing is unknown, however is not limited to the 
above case. For example, in the case where the burst 
reception timing is known in advance, for example, with 
accuracy of a few symbols, it may be possible to perform 
the vector operation over a limited range including a 
few symbols before and after the burst timing. 

Moreover this embodiment explains only about the 
method of estimating reception timings with accuracy, 
however is not limited to the above case. For example 
it may be possible to use the estimated result to correct 
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a timing of oversampling so as to obtain an ideal sampling 
timing in receiving a next burst, or to use the estimated 
result in demodulation and transmission. 
(Seventh embodiment) 
5 This embodiment explains about a case of selecting 

a signal (filtering result) with the most reliability 
from among signals subjected to filtering with an ISI 
canceling filter comprised of various filter taps, and 
detecting a timing for the signal. 

10 FIG. 12 is a block diagram illustrating a 

configuration of a communication terminal apparatus 
provided with a reception apparatus according to the 
seventh embodiment. In addition in the configuration 
illustrated in FIG. 12, sections the same as those in 

15 FIG. 11 are given the same marks as in FIG. 11 to omit 
detailed explanation thereof. 

It is assumed in this embodiment that a received 
signal is given predetermined digital modulation, and 
transmitted with a burst configuration, further this 

20 digital-modulated signal has intersymbol interference 
(hereinafter referred to as ISI) caused by band-pass 
filtering in transmitting the signal and effects from 
a propagation path, and that the interference 
characteristics are expected in advance at a reception 

25 side apparatus. 

Further as well as the sixth embodiment, it is 
assumed that a known symbol sequence is inserted into 
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the burst in the received signal , however known-symbol 
inserting position and number are not limited in 
particular in this embodiment, and that sampling rate 
is twice the symbol rate as an example. 
5 Digital I and Q signals are stored for buffering 

in received signal buffer 605. For example received 
signal buffer 605 is comprised of a memory enabling 
storage of quantized data corresponding to equal to or 
more than one burst length or FIFO (First In First Out) 
10 buffer. 

Filter tap table 802 is a table to be read in which 
filter tap coefficients are stored which are beforehand 
obtained inverse characteristics to the ISI to be 
provided on a digital-modulated signal to be received 

15 due to band-pass processing in transmitting the signal 
and effects from the propagation path. 

Herein it is assumed that a plurality of kinds of 
the tap coefficients are prepared as follows. That is, 
there are prepared nine kinds of tap coefficients (- 

20 4/16T, -3/16T, -2/16T, -1/16T, 0, +1/16T, +2/16T, +3/16T, 
+4/16T) which are the inverse characteristics with 
respect to the digital-modulated signal sampled at the 
twice-oversampling rate while shifting the timing at 
intervals of 1/16 times the symbol duration with respect 

25 to an ideal reception timing. 

In addition it is not necessary that the tap 
coefficients are complete inverse characteristics with 
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respect to the ISI. For example it may be possible to 
use characteristics which enable the ISI to be canceled 
only at a sampling point closest to the ideal reception 
timing. FIG.13B illustrates an example of nine kinds of 
5 tap coefficients stored in the filter tap table when a 
filter with a characteristic illustrated in FIG.13A is 
used as a band-pass filter in transmission. 

ISI canceling filter 801 performs filtering 
processing for ISI canceling on the digital I and Q 
10 signals to output to vector operation circuit 803. The 
plurality of tap coefficients are provided from filter 
tap table 802 to the filter 801, and a filtering 
processing result corresponding to each tap coefficient 
is output. Known vector table 804 has stored complex 
15 conjugate vectors over a known symbol sequence interval 
inserted into the burst. For example known vector table 
804 is comprised of a memory such as a RAM and ROM. In 
this embodiment the complex conjugate vectors of vectors 
obtained by performing transmission filtering, 
20 propagation path characteristics, and ISI canceling 
filtering on a vector sequence of the known symbol 
sequence interval are stored at twice-oversampling 
intervals . 

Vector operation circuit 803 performs vector 
25 operation using input digital I and Q signal data and 
the known vector sequence stored in known vector table 
804. For example vector operation circuit 803 is 
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comprised of an operation processing block configured 
by logic or DSP. The operation is performed using the 
equation (6) in the sixth embodiment. 

Operation result buffer 805 stores the operation 
5 result obtained in vector operation circuit 803 for 
buffering. For example operation result buffer 805 is 
comprised of a memory such as a RAM or FIFO buffer. 

Timing estimating circuit 806 estimates reception 
timings with resolution finer than oversampling 
10 intervals using the operation result of the received I 
and Q signals and known vector sequence, and outputs the 
estimated result. The detailed operation is described 
later . 

The following explains in detail about the 
15 operation of the communication terminal apparatus with 
the configuration as described above. 

I and Q signals are sampled at the oversampling rate 
twice the symbol rate, and a digital data sequence with 
a length corresponding to equal to or more than one burst 
20 is stored in received signal buffer 605. It is assumed 
herein as an example that a sampling timing is shifted 
-2/16 T with respect to an ideal reception timing. 

ISI canceling filter 801 performs filtering 
processing on digital I and Q signal data sequences stored 
25 in received signal buffer 605 using each of the nine kinds 
of filter taps provided from filter tap table 802 . This 
processing result is output to vector operation circuit 
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803. A signal is output from which the ISI is ideally 
canceled only as a result of a case of using a tap 
coefficient calculated based on a timing of -2/16T among 
the nine kinds of filter tap coefficients used at this 
point. In the cases where the other tap coefficients are 
used, the ISI is not canceled completely, and a distortion 
component due to the ISI is further multiplexed on a 
resultant signal by the filtering processing depending 
on the cases. 

Vector operation circuit 803 performs the vector 
operation processing in the same way as the equation (6) 
in the sixth embodiment on each of the nine kinds of 
filtering processing results output from ISI canceling 
filter 801. The operation result is output to operation 
result buffer 805. 

as the operation results to be output to operation 
result buffer 805, nine kinds thereof are obtained for 
each sampling timing. Timing estimating circuit 806 
detects an operation result with a maximum value among 
the operation results stored in operation result buffer 
805. In unit twice-oversampling interval, the maximum 
value is obtained when data is used which is present 
closest to a position at which the known vector sequence 
is inserted in the burst. Further among the operation 
results with eight kinds of filter tap coefficients 
calculated at the timing of the data, the operation result 
has the maximum value when the filter tap coefficient 
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based on the timing of -2/16T is used. Accordingly it 
can be estimated that the sampling timing with the maximum 
value is shifted -2/16T with respect to the ideal sampling 
timing . 

5 According to this embodiment of the present 

invention as described above, an operation result with 
the most likelihood is selected from various operation 
results of the filtering obtained by changing the 
filtering tap coefficients corresponding to shifts from 

10 the ideal timing, and a shift corresponding to the 
operation result is obtained as the shift from the ideal 
sampling timing. It is thereby possible to estimate a 
reception timing in demodulating a received digital- 
modulated signal with accuracy higher than resolution 

15 of the oversampling in receiving the signal. 

In addition this embodiment explains about the case 
that the equation (6) is used for the vector operation 
to obtain the correlation degree with the known vector 
sequence, however is not limited to the above case as 

20 well as the sixth embodiment. 

Further the nine kinds of tap coefficients with the 
resolution 1/16 times the symbol duration in the filter 
tap coefficient table, assumed in this embodiment, are 
one of examples. It may be possible that symbol 

25 resolution is made fine corresponding to the required 
accuracy, and according to the fine resolution the number 
of tables to be prepared is increased, or that the symbol 



resolution is made rough, or the number of tables to be 
prepared is decreased according to the rough resolution. 

Furthermore a reception band-pass filter is not 
specified in this embodiment in particular. That is, it 
may be possible to perform filtering processing on a 
received signal at a stage before an IF section, or 
sampling in the reception apparatus, to store the 
received signal in the reception buffer to perform 
filtering processing thereon at a stage before the ISI 
filtering, or to include the band-pass characteristics 
into the characteristics of the ISI canceling filter. 

(Eighth embodiment) 

This embodiment explains about a case of 
demodulating a data portion of a received signal at a 
timing obtained with the method of the seventh 
embodiment . 

FIG. 14 is a block diagram illustrating a 
configuration of a communication terminal apparatus 
provided with a reception apparatus according to the 
eighth embodiment of the present invention. The 
configuration illustrated in FIG. 14 has the same 
configuration illustrated in FIG. 12 except data buffer 
901, selection circuit 902 and symbol decision circuit 
903 , which are further provided. Accordingly in FIG. 14, 
sections the same as those in FIG. 12 are given the same 
marks as those in FIG. 12 to omit detailed explanations 
thereof . 



Data buffer 901 stores a plurality of kinds of 
filtering processing results output from ISI canceling 
filter 801 for buffering. For example data buffer 901 
is comprised of a memory enabling storage of quantized 
data corresponding to equal to or more than one burst 
length or FIFO buffer. 

Based on the timing estimated result, selection 
circuit 902 selects one kind from the plurality of kinds 
of ISI canceling filter output results. Symbol decision 
circuit 903 performs symbol decision on a digital- 
modulated signal using I and Q signal data. There is 
assumed in this embodiment a case of performing 
quasi-coherent detection on a QPSK modulated signal, in 
which phase correction is performed using vector data 
of an interval at which a known symbol is inserted in 
a received burst, and then an I-Q plane is divided into 
four regions to perform the symbol decision. 

The following explains about the operation of the 
communication terminal apparatus with the configuration 
as described above. The operation of estimating a 
reception timing with high accuracy is the same as that 
in the seventh embodiment, and herein explained is the 
operation in the case where demodulation is performed 
using the timing estimated result in the reception 
apparatus . 

Based on the timing estimated result output from 
timing estimating circuit 806, selection circuit 902 
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selects a filter output signal at a timing matching with 
the estimated timing from among nine kinds of filter 
outputs stored in data buffer 901 to output to symbol 
decision circuit 903. This filter output signal is in 
5 a condition that an ISI component is canceled therefrom 
using an ideal tap coefficient. Therefore performing 
the symbol decision on this signal in symbol decision 
circuit 903 obtains a normal symbol decision result. 

According to this embodiment of the present 
10 invention as described above, a timing is estimated with 
accuracy higher than the resolution of the oversampling 
in reception, and a signal is selected which is subjected 
to ISI canceling filtering with a filter tap coefficient 
in consideration of a shift of a timing expected from 
15 the obtained timing estimated result to perform the 
symbol decision. It is thereby possible to perform more 
correct symbol decision even when the oversampling 
timing in the reception is shifted with respect to an 
ideal reception timing. 
20 In addition this embodiment has a configuration in 

which data buffer 901 for storing ISI canceling filter 
outputs is provided at a position illustrated in FIG. 14. 
However this embodiment is not limited to the above 
configuration, and may adopt a configuration, for 
25 example, in which data buffer 901 is provided between 
ISI canceling filter 801 and vector operation circuit 
803 . Further this embodiment uses the QPSK as an example 



of modulation methods , however is not limited to the above 
case, and various modulation methods are applicable. 
(Ninth embodiment) 

This embodiment explains about a case of performing 
5 high-accuracy timing estimation using the ISI canceling 
filter in the reception operation as explained in the 
sixth embodiment. 

FIG. 15 is a block diagram illustrating a 
configuration of a communication terminal apparatus 
10 provided with a reception apparatus according to the 
ninth embodiment of the present invention. The 
configuration in FIG. 15 is the same as that illustrated 
in FIG. 9 except further provided filter tap table 802, 
ISI canceling filter 801 and symbol decision circuit 1001. 
15 Accordingly in the configuration illustrated in FIG. 15, 
sections the same as those in FIG. 9 are given the same 
marks in FIG. 9 to omit detailed explanation thereof. 
Timing estimating circuit 609 has the same configuration 
and operation as the timing estimating circuit explained 
20 in FIG. 9 in the sixth embodiment. Also in this 
embodiment, timing estimating circuit 609 obtains 
reception timings per 1/16 times the symbol duration 
basis using digital I and Q signals obtained by quadrature 
demodulation and twice-oversampling . 
25 Filter tap table 802 is the same as the filter tap 

table explained in the seventh embodiment, and a table 
to be read in which filter tap coefficients are stored 
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which are beforehand obtained inverse characteristics 
to the ISI to be provided on a digital-modulated signal 
to be received due to band-pass processing in 
transmitting the signal and effects from the propagation 
path. Herein as the tap coefficients, as well as the 
filter tap table 802, there are prepared nine kinds of 
tap coefficients (-4/16T, -3/16T, -2/16T, -1/16T, 0, 
+1/16T, +2/16T, +3/16T, +4/16T) which are the inverse 
characteristics with respect to the digital-modulated 
signal sampled at the twice-oversampling rate while 
shifting the timing at intervals 1/16 times the symbol 
duration with respect to an ideal reception timing, and 
among those one kind of the tap coefficient is selected 
and output when necessary. 

ISI canceling filter 801 performs filtering 
processing for ISI canceling on digital I and Q signals 
to output to symbol decision circuit 1001. in other 
words, the digital I and Q signals are subjected to the 
filtering processing with ISI canceling filter 801 using 
the filter tap coefficient from filter tap table 802, 
and the processing result is output to symbol decision 
circuit 1001. 

Symbol decision circuit 1001 performs symbol 
decision on a digital-modulated signal using I and Q 
signal data. There is assumed in this embodiment a case 
of performing quasi-coherent detection on a QPSK 
modulated signal, in which phase correction is performed 
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using vector data of an interval at which a known symbol 
is inserted in a received burst, and then an I-Q plane 
is divided into four regions to perform the symbol 
decision . 

The operation of estimating a reception timing with 
high accuracy in the communication terminal apparatus 
with the above configuration is the same as that in the 
sixth embodiment, and herein explained is the operation 
in the case where demodulation is performed using the 
timing estimated result in the reception apparatus. 

In filter tap table 802 , based on the timing 
estimated result output from timing estimating circuit 
609, an appropriate filter tap coefficient is selected 
from among stored nine kinds of filter tap coefficients, 
and is output to ISI canceling filter 801. For example, 
in the case where the timing estimated result is 
indicative of that the estimated timing is shifted - 
2/16T with respect to an ideal reception timing, a filter 
tap coefficient based on -2/16T is selected, and the 
filter tap coefficient is output to ISI canceling filter 
801 . 

Since the result obtained by processing the 
filtering using this filter tap coefficient provides a 
signal from which the ISI component is canceled, 
performing symbol decision on this signal in symbol 
decision circuit 1003 obtains a normal symbol decision 



According to this embodiment of the present 
invention as described above, a timing is estimated with 
accuracy higher than the resolution of the oversampling 
in reception, and a signal is selected which is subjected 
to ISI canceling filtering with a filter tap coefficient 
in consideration of a shift of a timing expected from 
the obtained timing estimated result. It is thereby 
possible to perform more correct symbol decision even 
when the oversampling timing in reception is shifted with 
respect to an ideal reception timing. 

It may be possible to compose a partial or entire 
configuration of the reception apparatus according to 
any of the above first to ninth embodiments as software 
using a DSP or CPU. For example it may be possible to 
store a program for the reception timing estimation as 
described above in a ROM, and achieve the operation by 
instructions of the CPU according to the program. 
Further it may be possible to store the program for the 
reception timing estimation in a storage medium readable 
with a computer, store the program of the storage medium 
in a RAM of the computer, and achieve the operation 
according to the program. The same functions and effects 
as in the above first to ninth embodiments are obtained 
in these cases. 

For example in a device having a memory storing a 
reception timing estimating program, the reception 
timing estimating program may be composed to include the 



procedures of performing first timing estimation of a 
received signal at a first sampling timing to output a 
first timing estimated result, while performing second 
timing estimation of the received signal at a second 
sampling timing with a predetermined phase difference 
with respect to the first sampling timing to output a 
second timing estimated result, of switching the first 
sampling timing and the second sampling timing, and of 
performing timing estimation with time resolution twice 
that in performing the first timing estimation and second 
timing estimation using the first timing estimated 
result and the second timing estimated result. 

Further in a device having a memory storing a 
reception timing estimating program, the reception 
timing estimating program may be composed to include the 
procedures of performing timing estimation of a received 
signal at a predetermined sampling timing to output a 
third timing estimated result, and of performing timing 
estimation based on a correlation value ratio of known 
signals between samples sampled at the sampling rate and 
the third timing estimated result to output a fourth 
timing estimated result. 

Furthermore in a device having a memory storing a 
reception timing estimating program and filter tap 
coefficients each with a characteristic for canceling 
intersymbol interference with a known signal in a 
received signal sampled at a sampling timing shifted a 
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unit time shorter than a sampling duration of a 
predetermined sampling rate, the reception timing 
estimating program may be composed to include the 
procedures of performing filtering on the received 
signal with the filter tap coefficients to output a 
plurality of filtering results, and of performing fifth 
timing estimation based on the plurality of filtering 
results . 

As explained above, according to the present 
invention, it is possible to decrease a sampling period 
in an A/D conversion circuit or D/A conversion circuit 
to be lower than a level required for accuracy 
specification in a system, and to decrease current 
consumption and cost in a terminal. 

Further according to the present invention, it is 
possible to estimate a reception timing in demodulating 
a digital-modulated signal in reception with accuracy 
higher than resolution of oversampling in the reception. 

While the above first to ninth embodiments each 
explains about a communication terminal apparatus 
provided with a reception apparatus or 

transmission/reception apparatus according to the 
present invention, the reception apparatus or 
transmission/reception apparatus according to the 
present invention may be mounted on a base station 
apparatus in a digital radio communication system. 

The present invention is not limited to the above 
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described embodiments, and various variations and 
modifications may be possible without departing from the 
scope of the present invention. 

This application is based on the Japanese Patent 
Application No . HEI 1 1-2 62 96 7 filed on September 17 , 1999, 
entire content of which is expressly incorporated by 
reference herein. 
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What is claimed is : 

1. A reception apparatus comprising: 

first timing estimating means for performing timing 
estimation of a received signal at a first sampling timing 
to output a first timing estimated result, while 
performing timing estimation of said received signal at 
a second sampling timing with a predetermined phase 
difference with respect to said first sampling timing 
to output a second timing estimated result; 

switching control means for switching said first 
sampling timing and said second sampling timing; and 

second timing estimating means for performing 
timing estimation with time resolution twice that in said 
first timing estimating means using said first timing 
estimated result and said second timing estimated 
result . 

2. A reception apparatus comprising: 

first timing estimating means for performing timing 
estimation of a received signal at a first sampling timing 
with a predetermined phase difference with respect to 
a reference sampling timing to output a first timing 
estimated result, while performing timing estimation of 
said received signal at a second sampling timing with 
a predetermined phase difference with respect to said 
reference sampling timing to output a second timing 
estimated result; 

switching control means for switching said first 



sampling timing and said second sampling timing; and 

second timing estimating means for performing 
timing estimation with time resolution twice that in said 
first timing estimating means using said first timing 
estimated result and said second timing estimated 
result . 

3. The reception apparatus according to claim 2, 
wherein said apparatus has a plurality of second sampling 
timings . 

4. The reception apparatus according to claim 1, 
wherein the second timing estimating means performs 
timing estimation with the time resolution twice that 
in said first timing estimating means, based on 
reliability information obtained from said first timing 
estimated result and said second timing estimated result 
in the first timing estimating means - 

5. The reception apparatus according to claim 4, 
wherein the second timing estimating means performs 
timing estimation by interpolation using the first 
timing estimated result, the second timing estimated 
result and the reliability information. 

6. The reception apparatus according to claim 1, 
further comprising: 

control means for controlling a period of an 
operation mode in which the first sampling timing and 
the second sampling timing are switched. 

7. The reception apparatus according to claim 6, 
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wherein during a mode other than said operation mode, 
a phase is fixed to the phase corresponding to the timing 
estimated result obtained in the second timing 
estimating means during a previous operation mode. 

8. A transmission/reception apparatus 
comprising : 

first timing estimating means for performing timing 
estimation of a received signal at a first sampling timing 
to output a first timing estimated result, while 
performing timing estimation of said received signal at 
a second sampling timing with a predetermined phase 
difference with respect to said first sampling timing 
to output a second timing estimated result; 

switching control means for switching said first 
sampling timing and said second sampling timing; 

second timing estimating means for performing 
timing estimation with time resolution twice that in said 
first timing estimating means using said first timing 
estimated result and said second timing estimated 
result; and 

transmission means for performing transmission 
processing on transmission data using a sampling timing 
with a phase synchronized with the timing estimated 
result obtained in said second timing estimating means. 

9. A reception apparatus comprising: 

third timing estimating means for performing timing 
estimation of a received signal at a predetermined 
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sampling timing to output a third timing estimated 
result; and 

fourth timing estimating means for performing 
timing estimation based on a correlation value ratio of 
5 known signals between samples sampled at said sampling 
rate and said third timing estimated result to output 
a fourth timing estimated result. 

10. The reception apparatus according to claim 9, 
further comprising: 

10 propagation path estimating means for estimating 

a propagation path condition; and 

update means for updating said correlation value 
ratio based on said propagation path condition. 

11. A reception apparatus comprising: 

15 storage means for storing filter tap coefficients 

each with a characteristic for canceling intersymbol 
interference with a known signal in a received signal 
sampled at a sampling timing shifted a unit time shorter 
than a sampling duration of a predetermined sampling 

20 rate; 

an intersymbol interference filter for performing 
filtering on the received signal using said filter tap 
coefficients to output a plurality of filtering results; 
and 

25 fifth timing estimating means for performing timing 

estimation based on said plurality of filtering results. 

12 . The reception apparatus according to claim 11, 
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further comprising: 

demodulation means for performing demodulation 
processing on data in said received data using a timing 
estimated result obtained in said fifth timing 
estimating means. 

13. A reception apparatus comprising: 

third timing estimating means for performing timing 
estimation of a received signal at a predetermined 
sampling timing to output a third timing estimated 
result ; 

fourth timing estimating means for performing 
timing estimation based on a correlation value ratio of 
known signals between samples sampled at said sampling 
rate and said third timing estimated result; 

storage means for storing filter tap coefficients 
each with a characteristic for canceling intersymbol 
interference with a known signal in a received signal 
sampled at a sampling timing shifted a unit time shorter 
than a predetermined sampling duration; and 

an intersymbol interference filter for performing 
filtering on the received signal with a filter tap 
coefficient selected using the timing estimated result 
obtained in said fourth timing estimating means. 

14. A communication terminal apparatus provided 
with a reception apparatus, said reception apparatus 
compris ing : 

first timing estimating means for performing timing 
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estimation of a received signal at a first sampling timing 
to output a first timing estimated result, while 
performing timing estimation of said received signal at 
a second sampling timing with a predetermined phase 
5 difference with respect to said first sampling timing 
to output a second timing estimated result; 

switching control means for switching said first 
sampling timing and said second sampling timing; and 

second timing estimating means for performing 
10 timing estimation with time resolution twice that in said 
first timing estimating means using said first timing 
estimated result and said second timing estimated 
result . 

15. A communication terminal apparatus provided 
15 with a reception apparatus, said reception apparatus 
comprising : 

third timing estimating means for performing timing 
estimation of a received signal at a predetermined 
sampling timing to output a third timing estimated 

20 result; and 

fourth timing estimating means for performing 
timing estimation based on a correlation value ratio of 
known signals between samples sampled at said sampling 
rate and said third timing estimated result. 

25 16. A communication terminal apparatus provided 

with a reception apparatus, said reception apparatus 
comprising : 



storage means for storing filter tap coefficients 
each with a characteristic for canceling intersymbol 
interference with a known signal in a received signal 
sampled at a sampling timing shifted a unit time shorter 
than a sampling duration of a predetermined sampling 
duration ; 

an intersymbol interference filter for performing 
filtering on the received signal using said filter tap 
coefficients to output a plurality of filtering results; 
and 

fifth timing estimating means for performing timing 
estimation based on said plurality of filtering results. 

17. A device having a memory storing a reception 
timing estimating program, said reception timing 
estimating program including the procedures of: 

performing first timing estimation of a received 
signal at a first sampling timing to output a first timing 
estimated result, while performing second timing 
estimation of said received signal at a second sampling 
timing with a predetermined phase difference with 
respect to said first sampling timing to output a second 
timing estimated result; 

switching said first sampling timing and said 
second sampling timing; and 

performing timing estimation with time resolution 
twice that in performing said first timing estimation 
and said second timing estimation using said first timing 
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estimated result and said second timing estimated 
result . 

18. A device having a memory storing a reception 
timing estimating program, said reception timing 
estimating program including the procedures of: 

performing timing estimation of a received signal 
at a predetermined sampling timing to output a third 
timing estimated result; and 

performing timing estimation based on a correlation 
vale ratio of known signals between samples sampled at 
said sampling rate and said third timing estimated result 
to output a fourth timing estimated result. 

19. A device having a memory storing a reception 
timing estimating program and filter tap coefficients 
each with a characteristic for canceling intersymbol 
interference with a known signal in a received signal 
sampled at a sampling timing shifted a unit time shorter 
than a sampling duration of a predetermined sampling rate, 
said reception timing estimating program including the 
procedures of: 

performing filtering on the received signal with 
said filter tap coefficients to output a plurality of 
filtering results; and 

performing timing estimation based on said 
plurality of filtering results. 
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ABSTRACT OF THE DISCLOSURE 
A phase of a sampling clock provided from clock 
generating circuit 107 is switched periodically and 
alternately with a phase difference of 180 degrees, and 
during a period of each phase, timing estimating circuit 
105 estimates a symbol timing. High-accuracy timing 
estimating circuit 109 selects an estimated result with 
higher reliability among symbol timing estimated results 
obtained in respective periods, thereby enabling 
estimation of the symbol timing with time resolution 
twice a sampling period. It is possible to decrease an 
operation frequency in an A/D conversion circuit even 
in a system requiring timing synchronization accuracy 
with high accuracy. 
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FIG. 1 0A 



EXAMPLE OF CORRELATION VALUE 
OBTAINED BY VECTOR OPERATION 
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FIG 1 3A EXAMPLES OF TRANSMISSION BAND- 
PASS FILTER CARACTERISTICS 
INCLUDING ISI 
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Declaration and Power of Attorney For Utility or Design Patent Application 

ttftttUn 



Japanese Language Declaration 



TffiJ^KitfcSti-O iff 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as stated 
below next to my name. 

I believe I am the original, first and sole inventor (if only one name 
is listed below) or an original, first and joint inventor (if plural 
names are listed below ) of the subject matter which is claimed 
and for which a patent is sought on the invention entitled 



KFCFPTTON APPARATUS AND MFTHQD 



□ _ *p ft BfcJiiB^n, 

m^-r^m^) 



United States Application Number _ 
and was amended on 



_B fcfTIES^SUt. 



PCT International Application Number _ 
and was amended on 



U 5 i^«5fe*» ^Sld^SSSIfagO W« B iiucD Wig B £#1^5^11 



I hereby state that I have reviewed and understand the contents of 
the above identified specification, including the claims, as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
§1.56. 

I hereby claim foreign priority under Title 35, United States Code 
§119(a-d) or §365(b) of any foreign application(s) for patent or 
inventor's certificate, or §365(a) of any PCT international 
application which designated at least one country other than the 
United States, listed below. I have also identified below, by 
checking the "No" box, any foreign application for patent or 
inventor's certificate, or of any PCT international application having 
a filing date before that of the application on which priority is 
claimed: 



JP 11-262967 

(Number) 
(#*) 



JAPAN 



17/September/1999 

(Day/Month/Year Filed) 



(Number) 

mm 



(Country) 



(Day/Month/Year Filed) 
(fflK©^ B) 



(Day/Month/Year Filed) 



□ 

Yes 



□ *»to©^S#WWII#^«iJ^ii««ft«fflifcT8E«i-5. □ Additional foreign application numbers are listed on a 

supplemental priority sheet attached hereto, 
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Japanese Language Utility or Design Patent Application Declaration 



flit, ^*HSxAm35g|3^119^(e)3ltSo*<, T!2©£-*ll«#ffFffi 



(Application Number) 



(Application Number) 



(Application Number) 

(#-*§•) 



Sf 365* (c) *(c:S<5<^*H«:^ LfcPCTB(Bajffi©iBI2£*±«U * 



(Application No.) (Day/Month/Year Filed) 



{Application No.) (Day/MonthA'ear Filed) 



□ ^m(o^mx(tmmm^aimm^tmm(ommm9cmm^xmm 

sj±, reel e«*aH{i%i^v^x=fTo7tK»^-t-^rX^-cfc^, g 



I hereby claim the benefit under Title 35, United States Code 
§119(e) of any United States provisional application (s) listed 
below. 



□ Additional provisional application numbers are listed on a 
supplemental priority sheet attached hereto. 



I hereby claim the benefit under Title 35, United States Code 
§120 of any United States application (s), or §365(c) of any PCT 
international application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
international application in the manner provided by the first 
paragraph of Title 35, United States Code §112, I acknowledge 
the duty to disclose information which is material to patentability 
as defined in Title 37, Code of Federal Regulations §1.56 which 
became available between the filing date of the prior application 
and the national or PCT international filing date of this 
application. 



(MU) (Status) 
(##H£^ISM c f\ 1&m&&) (patented, pending, abandoned) 



(Mm (Status) 
MMtp.tkMffiZf-) (patented, pending, abandoned) 



□ Additional U. S. or international application numbers are listed 
on a supplemental priority sheet attached hereto. 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 

The undersigned hereby authorizes the U.S. attorney or agent 
named herein to accept and follow instructions from either his 
foreign patent agent or corporate representative, if any, as to any 
action to be taken in the Patent and Trademark Office regarding 
this application without direct communication between the U.S. 
attorney or agent and the undersigned. In the event of a change 
in the persons from whom instructions may be taken, the U.S. 
attorney or agent named herein will be so notified by the 
undersigned. 



(Day/Month/Year Filed) 



(Day/Month/Year Filed) 



(Day/Month/Year Filed) 
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Japanese Language Utility or Design Patent Application Declaration 



« tt -t 5 r t at tt ( - r. tb i - M -r 5 — m <o n * w tr m m ff t c *t u x 

7055 



Neil E Greenblum 
Bruce H. Bernstein 
James L. Rowland 
Arnold Turk 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the attorney(s) and/or agent(s) associated with the 
Customer Number provided below to prosecute this 

application and transact all business in the Patent and 
Trademark Office connected therewith, and direct that all 
correspondence be addressed to that Customer Number: 

CUSTOMER NUMBER 7055 

The appointed attorneys presently include: 

Reg. No. 28,394 
Reg. No. 29,027 
Reg. No. 32,674 
Reg. No. 33,094 



Address: GREENBLUM & BERNSTEIN, P.L.C. 

1941 ROLAND CLARKE PLACE 
RESTON, VA 20191 



Direct Telephone Calls to: (name and telephone numbei) 



GREENBLUM & BERNSTEIN, RL.C. 

(703)716-1191 





Full name of sole or first inventor 
Katsuaki ABE 




Inventor's signature Date 




Residence Kawasaki-shi, Kanagawa, Japarr ff ' 


mm 


Citizenship 
Japan 




Post Office Address 3-33-1 7-200, Sugao, Miyamae-ku, 

Kawasaki-shi, Kanagawa 216-0015 Japan 








Full name of second joint inventor, if any 
Masayuki ORIHASHI 




Second Inventor's signature Date 


mm 


Residence Q Ichikawa-shi, Chiba, Japan v f ' 


mm 


Citizenship 
Japan 




Post Office Address 1-12-1 -302, Futamata, 

Ichikawa-shi, Chiba 272-0001 Japan 







(Supply similar information and signature for third and 
subsequent joint inventors.) 
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Japanese Language Utility or Design Patent Application Declaration 



Full name of third inventor, if any 
Job Cleopa MSUYA 



Third Inventor's si< 



Residence Kawasaki-shi, Kanagawa Japan 



Citizenship 

United Republic of Tanzania 



Post Office Address 3-33-1 7-1 05, Sugao, Miyamae-ku, 

Kawasaki-shi, Kanagawa 216-0015 Japan 



Full name of fourth inventor, if any 
Morikazu SAGAWA 



Fourth Inventor's signature 



Residence Inafi-shi, Toky<^ Japan 



Citizenship 
Japan 



Post Office Address 2-3-1 5, Nagamine, 

Inagi-shi, Tokyo 206-0821 Japan 



Full name of fifth inventor, if any 
Masayoshi YONEYAMA 



Fifth Inventor's signature 



Residence Yokohama-shi, Kanagawa, Japan 



Citizenship 
Japan 



Post Office Address 57-1 2, Kawaihonmachi, Asahi-ku 

Yokohama-shi, Kanagawa 241 -0803 Japan 



Full name of sixth inventor, if any 



Sixth Inventor's signature 



Post Office Address 



(Supply similar information and signature for subsequent joint 
inventors) 
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